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abstract - The fluorescence intensity of the 5D0—07F2 transition
of trivalent europium ion in djife?ently substituted pB-diketone chelates
nas been determined in solvents of different polarity over a wide range
of temperatures,
TITRODUCTION
Chiracteristic intra LT shell line fluorescence of trivalent rare earth
ions is excited in certzin orzanic complexes by irradiation vith light absorbe&
only by the organic part of the compounds. The ionic fluorescence is the resukt

of an intramolecu

- - ~ LR

Y,

the chelated metallic ion. The process invoives (1) zbsorgtion from the ground
singlet to excited singlet states, (2) intersystca crossing to the lowsst

triplet state, (3) tra.nsfer of ',-::5;y to the rv - earth ion, and .} ionic
fluorescence. Coazeting procs . 35 are the orgu....c Iluorescence, . csphorescence,
and radiationless deactivation of the organic triplet and/or of the excited
metallic ion. The individuzl steps and the over-all enerzy nigration, as
re:;"lected in the iluorescence spectré » are strongly dependent‘ on the swrroundings,
namely on the nearest neighbors, cheracter of the metal-ligand bonds, . resonance

in the chelating rings, substituents attached to the chelate rings, temperature,

and host. Tae present ctudy is concerned with the effects of tempersture and

solvent on the fluorescence intensity.
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EXPERTAIITAL

The preparation and purification of the europium f-diketone chelates
was peported previouslyz’s. Spectro grade chloroform, acetone, methanol,
acetonitrile, toluene, ethyl acetate, and dimethylformamide viere used. Heagent
grade pyridine, diethyl ether, and tetralin were redistilled, ~lQ"h molar
solutions oi europium chelate in different solvents viere poured in a clear
qQuartz Dewer provided with a sensitive iron-constantan thermocouple, a cooling
tube connected to a liquid nitrogen container, a2 heating coil, and a capillary
tube, all immersed in the solution (Figure 1). The solutions were cooled with
colid nitrozen and heated slowly with a nichrome spiral in o closed tube, stirring
being periormed by a fine sircam of dry nitrogen through the capillary. Ory aif
¥ias caused to circulste over the outside of the Dewar vessel to rrevent moisture
Irom condensing at low temperatures. The solutions were irradiated with two
sources; the internal Hg vapor lamp in the Cary 14 spectrophotoﬁeter in front
illumination and an external mercury laap of 9. perpendicular on the sample-slit
beam. The filter system for the excitation sources was described elsewherez’h.
The relative fluorescence intensity of the 535——-7F2 transition of europium ion
was determined v.ith the Cary 14 spectrophotometer employing the fluorescence -
attachment. Different slit-widths were used depending on the intensity and

comparaple values were found by extrapolation to 0.5 mn slit on a slit-width -

relative intensity logarithmic diagran.

(2) Vi. F. $4G3R, W. FILIPESCU, and I, &, SiAFIN, J. Phys. Chem. (in press)

(3) H. McavQ¥, N. FILIPzSCU, M. R. K4Gall and ‘F. A. SERSFIN, J. Phys. Chem. Solids
25, L61-8 (1964) : _

(4) W. FILIP=SCU, Y. F, SiGik, and F. A. SERAFIN, J. Phys. Chem. (in press)
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RESULTS AND DISCUSSION

The following diketonates of europium have been investigated: dibenzoyl=~
nethide, benzoylacetonate, theonyltrifluoroacetonate, p-methoxydibenzoylmethide,
di-p-methoxydibenzoylmethide, m-methoxydibenzoylmethide, and di-m-methoxydibenzoyl-
methide. The nitro: substituted dibenzoylmethides and the aliphatic f-diketonates
(acetylucetonate, trifluorocacetylacetonate, and hexafluoroacetyl;cetonate) of
europium do not emit significantly in liguid soiutions. The relative intensity
of the thr_°7F2 transition has been determined over the freezing point - boiling
point temperzture range and the results are illustrated in Figures 2-8. In some
of the solvents the chelates exhibited detectable fluorescence only in the solid
frozen systenm. SoLvent quenching of the ionic fluorescence in solution can take
place at different stepes of the intramolecuiuar enerzy transfer. The excited
singlet state of the ligand formed upon absorption has a relatively short lifetine

. o . ‘e g e 1
(~10""sec.) compared to the D states ol the ion «~10~ ssec.; and the

loviest tripiet
of the orgaaic ligandA@(O.S sec.). The prooability of ligand triplet state quenching
oy the solvent is orders of ma‘nltude nigher than for the quenching of the excited
singiet or °D europiun states. This is substantiabed by the total absence of
phosphorescence (loviest triplet-—eground singlet emission) from gadolinium chelates
in iiguid solution in any solvent., It has been generally found that the radiaticnless |
conversion from the upper singlet to the triplet (intersystem crossing) occurs with
sbout thie same efficiency in ordinary liquid solutions as in solids and rigid
solutions5. It is reasonaple to assume that the excited singlet state deactivation

by solvent guenching is negligible. 4 simplified scheume is:

(5) (a) <. PONTHL and M. WIDSOL, Proc. Roy. Soc. (iondon) i 245, 238 (1958); (b)
L. J. HZIDT, "Photpchemlstry in the Liquid end Solid °tatea" t.iley, N.Y.,

1957




7FSO-+ hv -————~7Fsl Orzanic absorption -

7FSl -El—q—7FT Intersystem crossing ’

7FT _52_4_5DSO Transfer of energy to the ion

757 + (s) .53_4.7FSO-+ (8) Solvent cuenching of the organic triplet
5DSO _Eh_q_7FSO-+ h2f Ionic fluorescence

5DSO+-(S) .Eiu_,?FSO-+ (s) Solvent quenching of the e§cited'ion

there 7F - the ground state of the europium ion

the ground state of the organic ligand (singlet)

n
o
!

5y - the first excited singlet state of the ligand

T - the lowest triplet stute of the ligand

AN
L]
]

the excited state of the europium ion

(8)- solvent

V and )% - the organic absorption and ionic emission frequencies
;espectively

I 1
f=. , - (1)
I s i Ej-E¢
a ks = g7 k3 TRT  K3¥s BT
1+ e "t 4 -3 € + e

vhere E; and Eg are the heats of activation of the quenching of the excited ion
and the triplet state respectivelyé. If the solvent quenching of the 5D ioniec
excited state is negligible compsred to the triplet quenching (k56<k3), then eq. (1)

leads to:

. ~I K E
L - I 2
TN l°g10’7?,3+ 2357 (2

(6) This is only an approximstion where both E; and Ey incorporate other paths of
radiationless degradation of the excited iGnic or organic triplet states such -
as intramolecular cuenching by vibronic coupling to the ligand and changes in
transition probabilities on solvent — chelate complex formation, which are not
taken into consideration in the above discussion.
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The data in Figures 2-§ could be used to evaluste E. and loglb-gi in eq. (2),
with Ia estimated from If at low temperatu:es. Hovever, the calculated values would
be only crude approximations because (1) the quantum efiiciency is not unity even at
low temperatures, (2) the curves do not tend to a common value for the relative
intensity at low temperatures, and (3) E, and loglo-;i in eq. (2) preserve only
vaguely their meaningé.

Two ways of solvent-chelate interaction afiecting the fluorescence intensity
are possible: complex formation and collisions. Both can take place in the same
solvent. The collisional deactivation depends on temperature, steric efiects, and
quenching efficiency of collisions. The result is a degradaticn of energy from the
excited chelate (triplet or 5D) by conversion to vibrational or translational energy.
The complex formation results from donor-acceptor bonding between the solvent an&
chelated ion and may go as far as to replace ligand groups in the case of solvents
with high polarity. In general it is apparent that a higher fluorescence intensity
is recorded at the same temperature Ior the same chelate in & solvent of higher
dipolie moment. Two effécts way expiain this behavior: (1) an increase in energy
transfer froa the ligand to the iop and/or an increase in the intra 4f radiative
transition probability as a result of the new field introduced by the complexing
solvent molecules, wnich is more povierful for the more polar solvents, and (2) a
necloud" formation around the ion by the polar solvent molecules, with a decrease in
collisional quenching efficiency. . ;

The negative temperature effects are explained by both the tendency to
dissociate the solvent~chelate complex with removal of its positive effects and an
increased number of collisions at elevated temperatures. The fact that the
‘ asymetrically suostituted ﬁ—diketonates (benzoylacetonate and theonyltrifluoro-
acetonate) have a sm2ller temperature effect thah the dibenzoylmethides indicate
that the molecular field distorﬁion introduced by the solvent molecules on complex

formation is less significant than the perturbations introduced in the molecular
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field of the uibenzoylmetnide chelates whose ionic emission dec;eases'rapidly with
® the increase of temperature.

The rluorescence of europium in organic chelates has been subject for
extensive investigations in connection with its use in liquid J.asers.'?-9 The
variation of the fluorescence intensity for the same chelate at the same temperature
in different solvents is rather significant. By employing proper, solvents, the
need for extensive refrigeration of the laser cavity containing the chelate solution
may diminish substantially. For example, the methanol-ethanol mi:iture employed for
the europium benzoylacetonate laser7 needs efficient cooling to -90°C to obtain a
fluorescence intensity comparsble with the one emitted by the same chelate at ambient
temperature in dimethylformamide or acetone. Othér factors such as line broadening
and optical, chemical, and thermal procerties of the host will have to’be evaluated.
The spectral distribution of energy in the fluorescence spectra of europium p—diketone
chelates as a function of substituents was reported previouslyh and together with the
present data will give an indication as to the selection of chelate-solvent pairs for
laser applications. Mdixtures of solvents cannot be disconsidered as potentially
valuable licuid osse hosts. Small amounts of a solvent with high polarity may
acconplish Both positive aspects - molecular field distortion through complex
formation and "aggregate" arrangement - offering protection from collisional
guenching. However, if ligand groups are displaced on solvation this would be
detriaental toua'laser, first because the "free" ligand viould absorb at the same
wzvelength as the chelate thus decreasing the pumping efficiency and second because
it will bring an undesired extra thermal energy in the caviiy. Ixcessive abéorption
by the organic ligand-has been the main reason for the use of small diameter laser
cavities. To overcome "overabsorption" in chelate liquid lasers, mixtures of

different chelates of the‘same ion, which absorb in adiacent spectral regions could

be employed if the 1351ng transition (5D ) in the chelates coincide. Probably

H. 5aMsLSON, 4. LEIPICKI, V. A. BROPHY, and C. BRECHER, J. Chem. Phys. 40, 2547

il e

7
2553 (1964) .
(8) H. 'LISTON, O. J. uakSH, C. K. 3UZUEI, and C. L. TELK, J. Chem. Phys. 39, 267

(1953) o ;
() 85 SCHEAITSCHEK dﬁd;“énfgtﬁg ééﬁﬁé%ng Nature 196 832 (1962), G. A. CAOSBV‘
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even better results may be obtained by using "mixed" chelates, namely complexes
grouping around the same ion various ligands able to absorb at different wavelengths,
These mixed chelates viould also present the advantage of a more distorted symmetry
about the ion which will incrcase the intra 4Lf "forbidden" transition probabilities.
¥Work along these lines is continued, .

Acknowledgement - This reseaxch was supported in part by the National

Aeronautics and Space Administration on Grant NsG 603.
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LOG. RELATIVE INTENSITY
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FIGURE 5. Europium p-methoxydibenzoylmethide, 1074 M, 5p —Tp
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